Neurological signs and symptoms associated with the granulomatous form of Hodgkin's disease are a well recognized entity, though infrequent. Invariably these are due to one of two pathological processes, by far the commonest being compression of the central nervous system from without, most frequently by an epidural mass within the spinal canal. An extremely rare occurrence is direct invasion of some part of the nervous system by Hodgkin's tissue. There have been many reviews of this subject (Ginsburg, 1927; Sparling, Adams, and Parker, 1947;  Hutchinson, Leonard, Maudsley, and Yates, 1958) . Winkelman and Moore (1941) emphasize the fact that the involvement of the central or peripheral nervous systems may occur as an initial manifestation of Hodgkin's disease.
In the following case, the clinical picture from onset to death was that of a progressive neurological disorder, late in the course of which the diagnosis of Hodgkin's disease was made by lymph node biopsy. At necropsy no invasion of the nervous system by Hodgkin's granuloma was found.
CLINICAL HISTORY
The patient, a 31-year-old white woman, was first admitted to hospital, 25 months before her death, as a result of two generalized convulsions. Each was followed by a short period of unconsciousness. The only positive findings were minimal hyper-reflexia of the left arm and a slight pyrexia. The cerebrospinal fluid contained 30 white blood cells per c. mm., chiefly lymphocytes, and 41-5 mg. % of protein. No further convulsions occurred and she was discharged from hospital with the provisional diagnosis of lymphocytic meningo-encephalitis or suspected brain tumour.
During the ensuing four months she had several similar convulsions in spite of anticonvulsant therapy. Progressive numbness and weakness of the left arm were noted, which spread to involve the left leg. On her second admission to hospital, 21 months before death, there were, in addition, a dull constant ache over the 'Presented to the combined meeting of the sections of pathologyand neurology and psychiatry, Academy of Medicine, Toronto, Canada, March 1960. 6 right frontotemporal region, and marked difficulty in walking. Examination revealed weakness and spasticity of the left side, most marked in the left arm, a questionable left Babinski response, and papilloedema of the right optic disc. The temperature was normal. A carotid arteriogram showed slight shift of the right anterior cerebral artery to the left, suggesting a space-occupying lesion in the right hemisphere, and air ventriculography showed a bulging downwards of the mid-portion of the roof of the right lateral ventricle. On this occasion the cerebrospinal fluid contained over 100 white blood cells per c. mm., again predominantly lymphocytes, and 180 mg. % of protein.
A needle biopsy from the lateral surface of the right frontal lobe produced small pieces of grey gelatinous tissue. Microscopic examination of this material revealed both cortex and white matter. Many small vessels showed all stages of obliteration by a proliferation of histiocyte-like cells with indistinct cytoplasmic boundaries and slightly irregular, elongated vesicular nuclei. In some instances, coalescence of these cells resulted in the formation of multinucleated giant cells. In the cortex, these granulomas were well circumscribed, and were producing secondary compression of adjacent parenchyma, the latter showing occasional degenerating nerve cells and hypertrophied astrocytes. In the white matter the granulomas were less well defined and showed a spilling over into the adjacent parenchyma of small round cells. The latter were considered to be lymphocytes, but the occasional plasma cell was also present. For the six months preceding her terminal admission to hospital, there was recurrence of the fever together with slight worsening of the neurological picture despite chloromycetin and increased prednisone therapy. When No tumour tissue was observed in the spinal canal or cranial cavity in relation to the dura mater. The brain weighed 1,275 g. after fixation in 10% formalin. The leptomeninges over the lateral surfaces of the frontal lobes, especially on the right side, showed a diffuse grey opacity. The frontal cortex, beneath the thickened meninges on the right side, was slightly depressed over an area measuring 6 by 9 cm. Horizontal and coronal sections through the cerebral hemispheres revealed an irregular confluent replacement of the white matter of the right centrum semiovale by spongy grey tissue which in many areas was depressed below the surrounding cut surface (Fig. 3) . This spongy grey tissue extended through the body of the corpus callosum, which was moderately thinned, to involve the white matter in the region of the left cingulate gyrus. In many convolutions there was apparent sparing of the arcuate fibres. In the right cerebral hemisphere the lesion extended into the anterior limb of the internal capsule and into the external capsule with destruction of the claustrum (Fig. 4) . Small areas of cystic softening were present in the right putamen. The anterior horn of the right lateral ventricle showed slight dilatation. Posteriorly, the spongy degeneration in the centrum semiovale did not extend beyond the splenium of the corpus callosum. The basal cerebral arteries and proximal portions of the anterior and middle cerebral arteries appeared normal. However, small leptomeningeal branches of the right middle cerebral artery overlying the insular cortex showed diffuse thickening of their walls, with resulting moderate to severe stenosis of their lumina (Fig. 4) . No changes were seen in the cerebellum, brain-stem, spinal cord, or spinal nerve roots, on gross examination.
For microscopic study, blocks were embedded in paraffin and celloidin or cut on a freezing microtome. The following staining procedures were used: on paraffinembedded material, haematoxylin and eosin, Mallory's connective tissue stain, cresyl violet, phosphotungstic acid haematoxylin, Bodian stain for axons, Luxol fast blue and Smith and Quigley for myelin sheaths, Weigert stain for elastic tissue, periodic-acid-Schiff and Gram stains. Loyez and Gros Bielschowsky stains were performed on celloidin-embedded tissue, and Scharlach R, Cone and Penfield's silver carbonate for oligodendroglia and microglia, and victoria blue for astrocytes, on frozen sections.
Histologically, there was a varied structure to the area of spongy degeneration in the white matter of the right cerebral hemisphere. In many regions the predominant finding was a loss of myelin sheaths with a relative sparing of the axons (Figs. 5 and 6). In other areas the parenchyma was completely destroyed with focal areas of cystic degeneration. Sparing of arcuate fibres was often seen. Throughout these lesions were abundant hypertrophied astrocytes with long thick glial processes and large vesicular nuclei. Occasional binucleate forms were present but no astrocytes in mitosis or large cells with collections of micronuclei were found. There were no intranuclear or intracytoplasmic inclusion bodies. The oligodendroglia were moderately reduced in number, but those that remained were normal in appearance. Numerous microglial cells with sudanophilic material in their cytoplasm were seen throughout. Both descending corticospinal tracts showed demyelination and gliosis, these changes being very severe in the tract originating in the right cerebral hemisphere.
The proximal portions of the right middle cerebral artery and the right and left anterior cerebral arteries showed a few focal areas of minimal intimal fibrous thickening, with normal underlying media and adventitia. However, numerous small leptomeningeal and perforating branches of these vessels exhibited severe stenosis or occlusion of their lumina. These changes were focal in nature, and were of varying ages. Serial sections showed the active lesions to begin in the adventitial layer as a proliferation of histiocyte-like cells. Some of the cells coalesced to form multinucleated giant cells. These proliferating cells encroached upon the media to varying degrees, while a concentric fibrocellular thickening occurred in the intima. In the most severe lesions, there was complete involvement of the arterial wall (Fig. 7) , complete or partial fragmentation and disappearance of the internal elastic lamina (Fig. 8) of the internal elastic lamina, often with segmental defects (Fig. 9) . These vascular lesions were most numerous in the subarachnoid space adjacent to convolutions showing extensive degeneration in the underlying white matter. However, in addition to the vascular involvement in the subarachnoid space, numerous lesions, both active and old, were present in the arteries traversing the right anterior perforated substance. Fig. 10 shows one of these vessels with extensive hyalinization of its wall. Less intense, but similar changes were seen involving the anterior and posterior spinal arteries and small vessels within the brain-stem. Granulomas of similar morphology to those seen in the surgical biopsy were not found in the necropsy material. However, in the relatively normal cortex overlying the areas of spongy degeneration were a number of multinucleated giant cells (Fig. 11) . These cells were found in smaller numbers in the damaged white matter. They were intimately related to the walls of arterioles, capillaries, and venules. Perivascular giant cells were present occasionally in the brain-stem but were numerous in the dorsal and ventral nerve roots of the lower lumbar and sacral segments of the spinal cord. In this situation they were often associated with perivascular foci of histiocytes, lymphocytes, and the occasional plasma cell. Macrophages containing intracytoplasmic droplets of sudanophilic material were found in the dorsal sacral nerve roots, and demyelination of these roots had resulted in a severe ascending bilateral demyelination of the fasciculus gracilis. There was demyelination of the left sciatic nerve considered to be secondary to lesions in the ventral nerve roots.
DISCUSSION
The microscopical appearance of the tissue from the centrum semiovale of the cerebral hemispheres showed a wide variation. In some areas it was very suggestive of a primary demyelinating disease with loss of myelin sheaths and reduction of oligodendroglia, while axons were relatively spared. However, Non-infectious granulomatous angiitis of the nervous system associated with Hodgkin's disease in many other areas, the tissue showed changes consistent with old ischaemic softening. Though predominantly involving white matter, focal areas of old softening were seen in the putamen. The preservation of the overlying cerebral cortex was an outstanding feature. The focal areas of stenosis or occlusion in the small leptomeningeal vessels were abundant in the vicinity of the most extensive parenchymal lesions. The granulomatous proliferations involving the walls of the small vessels of the parenchyma, observed in the biopsy 21 months before death, were not seen. Perivascular multinucleated giant cells were present, both in the cortex, and to a lesser extent in the white matter surrounding the damaged areas. The focal lesions in the walls of small leptomeningeal vessels, which appeared to be actively proliferating at the time of death, did resemble those of the biopsy material.
The predilection of this focal granulomatous proliferation for the vessels of the right cerebral hemisphere, with rarefaction and necrosis of tissue, undoubtedly resulted in the left-sided clinical symptoms and signs. Encroachment upon the white matter of the medial part of theleft centrum semiovale probably accounted for the later clinical involvement of the right leg. Similar vascular lesions in the dorsal and ventral roots of the lower lumbar and sacral segments of the spinal cord, with ascending demyelination in the fasciculus gracilis, and demyelination of peripheral nerves, resulted in the development of the cauda equina syndrome.
Astr6n, Mancall, and Richardson (1958) drew attention to changes occurring within the central nervous system in three cases of malignant lymphoma. They described these changes as a separate disease entity which they called progressive multifocal leucoencephalopathy. They found five cases in the literature which would fit into this group. Since then, four other cases have been described (Cavanagh, Greenbaum, Marshall, and Rubinstein, 1959; Lloyd and Urich, 1959; Dolman and Cairns, 1961) . Of all these, five were associated with Hodgkcin's disease. Histologically, though our case showed numerous hypertrophied astrocytes, we did not find the large monster astrocytes, the enlarged oligodendroglia with homogenization of nuclear chromatin nor the acidophilic intranuclear inclusions which characterize the above cases of progressive multifocal leuco-encephalopathy. Cravioto and Feigin (1959) described two cases of their own and discussed six others from the literature, in which there were multifocal lesions in the walls of small blood vessels throughout the central nervous system. These cases were not associated with malignant lymphoma. They were characterized by a granulomatous proliferation involving the walls of small arteries and veins. All eight cases showed the central nervous system to be the site of predilection for the vascular lesions. In their case 2, and in one of the cases from the literature, there was also involvement of vessels in other organs of the body, but to a much lesser degree. These authors suggested that this group represents a distinct clinical and pathological entity and that the disease process should be designated as 'non-infectious, granulomatous angiitis with a predilection for the nervous system'. In these reported cases only rarely was the full thickness of the vessel wall involved. In the majority of instances the granulomatous proliferation was confined to the adventitial and intimal layers with sparing of the media. We did not see sparing of the media of the small vessels in our case, and, as described, the granulomatous proliferation appeared to begin in the adventitia and extend into the media, while the intima showed a fibrocellular thickening, with or without occlusion of the lumen by thrombus
The association of encephalitis with Hodgkin's disease is uncommon, although occasional cases have been described (Askanazy, 1921) . Such cases invariably exhibited lymphocytic cuffing of the sms vessels of the meninges and the brain parenchyma Rottino and Hoffman (1950) described a case of Hodgkin's disease associated with a predominantly granulomatous angiitis of the small vessels of the brain and meninges. They interpreted these changes as a sarcoid form of encephalitis. From the descriptions and photographs presented by Cravioto and Feigin and by Rottino and Hoffman we consider their cases similar to the one described in this paper.
The fundamental changes in our case are those of a granulomatous angiitis showing a predilection for the small vessels of the right cerebral hemisphere, and for the small arteries and veins at the lower end of the spinal cord. However, the occasional involved vessel was seen throughout all areas of the central nervous system. The degenerative changes in the parenchyma of the right cerebral hemisphere and in the nerve roots of the lower end of the spinal cord were considered to be secondary to the vascular damage. The relative sparing of the cerebral cortex may be explained by the development of a collateral circulation. Unfortunately, the active cellular proliferation seen in the biopsy material was not encountered 21 months later at the time of death. The depressant action of the administered corticosteroid hormones on the reticulo-endothelial system would possibly explain the absence of these proliferative lesions. Residual sites of cellular proliferation would perhaps be indicated by perivascular giant cells in the cortex and white matter, and by perivascular collections of histiocytes in the spinal
